In this paper, efforts were made to assess the impact of full and seasonal stall feedingtechnology on households ' milk production and consumption, market participation (animal and animal product sale) 
Introduction
Agriculture is an important motor for realizing economic development in subSaharan Africa (SSA), where agriculture accounts for about 43% of the gross domestic product and over 60% of exports. Nearly about 90% of the poor depend on agricultural productivity to lift them out of poverty (Odame et al., 2013) . However, unlike other regions of the world, the region has continued to experience low agricultural productivity with its share at 3.9% to world food production in the last decade (Odame et al., 2013) . A large proportion of the rural households in developing countries own livestock, which is valuable financially and plays significant social and economic roles on rural farms (World Bank, 2008; Herrero et al., 2013) . Livestock contributes to the livelihoods of at least 70% of Eastern Africa's rural farmers in terms of income and diet (Cecchi et al., 2010) .
In Ethiopia, dairy sector plays an important role in the agricultural sector (Tegegne et al., 2013) . Livestock contributes about 12-16% of the total GDP, and 40% of the total agricultural GDP excluding the values of draught power, transport and manure, and it contributes to the livelihoods of about 60-70% of the population (Halderman, 2004) . Milk and milk products play a very important role in the feeding of the rural and urban people. It also provides 14 million tons of manure annually mainly used for fuel. The value of an animal draught power input into arable production is about a quarter of the value of annual crop production (Behnke and Metaferia, 2011; FAO, 2005) . However, the performance of livestock sector has been poor compared to the other parts of the world due to inadequate feed nutrition and poor feeding practices, shrinking area of natural pastures, animal infections and weather fluctuations (Odame et al., 2013; FAO, 2009; IFAD, 2007) next to the predominance of local, low-yielding breeds, the inadequate availability of water resources for drinking and the high rates of livestock mortality (Negassa and Jabbar, 2008) .
In spite of its huge potential, production per animal is extremely low in Ethiopia (MoA, 2012; CSA, 2008) . Milk production is 1.54 litres per cow per day. The current per capita consumption of milk and meat is 16 litres and 13.9 kg/year, respectively; being lower than the African and the world per capita consumption of meat, which is 27 kg/year and 100 kg/year, respectively (FAO, 2009) . As a result, Ethiopia is classified as having the lowest per capita consumption of meat and milk, even among neighbouring countries like Kenya. Land degradation, resulting from free grazing and deforestation, reduces the contribution from livestock and poses a threat to food security in the region (Ilyin, 2011) . Recognizing this, improved agricultural technologies are widely considered as the key means of addressing most of the problems of low livestock productivity throughout the region (Diao and Pratt, 2007) . The expansion of improved cattle feeding has been suggested by policymakers with the objectives of (1) increasing cattle and fodder productivity; (2) halting land degradation, and (3) generating income (Lenaerts, 2013) .
For instance, stall feeding (SF) or zero grazing (ZG) have been widely recommended and practiced across sub-Saharan Africa, while its pace of intensification was slower than anticipated (De Cao, van den Berg, Tile and Wondwosen, 2013; Bishu, 2014; Lenaerts, 2013) . The practices of stall feeding along with the breed cows is being promoted in Ethiopia at different phases as potential options for alleviating animal feed shortage problems and increasing livestock productivity (Benin, Ehui and Pender, 2006; Klitzing et al., 2014; Lenaerts, 2013; De Cao et al., 2013; Bishu, 2014) . The introduction of stall feeding as the system under which cattle are permanently kept in the backyard and feed fodder crops, crop residues via 'cut-and-carry system' entails the establishment of garden pastures, demarcation of the homestead for herding, breeding and fodder trees under intensive feed gardens for forage production.
Earlier studies in the region, using descriptive statistics, indicated that SF/ZG has several benefits over extensive grazing systems: SF offers a regular income throughout the year as compared to cash crops (Klitzing et al., 2014) . It is also linked to a better utilization of fodder, increased milk output, better manure management, intensive land use, and low risk of infection by tick-borne diseases, and protection of animals against theft (Bishu, 2014) . Besides, Garcia, Balikowa, Kiconco Ndambi and Hemme (2008) , using a qualitative method, found that SF in Uganda was economically and ecologically sustainable. Baltenweck, Tenywa and Mugisha (2007) in Tanzania and Staal et al. (2003) in Kenya, using simple budget analysis method, estimated that ZG was more profitable. De Cao et al. (2013) revealed that ZG is a potentially useful practice against low productivity and limited feed availability in Ethiopia. Although SF stall feeding is believed to be profitable, its pace of coverage has been recorded to be slow and low in the region (FAO, 2007; Nedessa, Ali and Nyborg, 2005; Lenaerts, 2013; Bishu, 2014) , particularly in Ethiopia.
One possible reason for the relatively slow adoption of the new practice has been probably due to the relative advantage it offers (Ghadim et al., 2005) . Based on Cary, Webb and Barr (2001) expected profits are a decisive factor in adoption decisions. Ghadim et al. (2005) revealed that the short-term profitability of new legume crops significantly influenced their adoption. D'Emden, Llewellyn and Burton (2006) found that the adoption of conservation tillage in Australia was influenced by its cost. The economic and ecological benefits of SF are neither properly documented nor properly evaluated. The objective of this paper was, therefore, to jointly estimate adoption of SF and evaluate its impact on rural household's welfare 1 in rural Ethiopia adapting Endogenous Regression Model (ERM) (Lokshin and Sajaia, 2004) . The paper intends to address the following research question: what is the economic impact of SF? to what extent adopters would be worse off if they were non-adopters? and how much would the non-adopters benefit had they been adopters?
The uses of ERM allow us to hypothesize that participants would be worse off than non-participants, if they decided not to adopt and non-participants would benefit more than participants if they were to participate. That is, we anticipate that the predicted impact for adopters will decline from real adoption to hypothetical adoption, but will increase from real non-adoption to hypothetical adoption for non-adopters. In line with this expectation, our result showed that there would be a decline in animal sale, milk production and consumption had adopters been non-adopters. In the same fashion, animal sale, milk production and consumption would increase if non-adopters would adopt this technology.
This paper distinguishes itself from past related studies in three ways. Firstly, we are perhaps the first to show how stall feeding users compared to non-users benefit from it, using proper evaluation design compared to prior survey studies which totally neglected the selectivity effects and endogeneity problem. Secondly, our approach provides not only a joint estimation of adoption and its impact, but also estimates of conditional and unconditional expectation. Thirdly, stall feeding is a new practice in the country, whose adoption is slow, probably due to a lack of understanding of its positive impact. Being able to precisely estimate its impact, would influence the possible types of policies to be implemented in order to expand its coverage.
literature review
Livestock is a primary livelihood source for many low-income rural farmers particularly in sab-Saharan Africa (Grassi et al., 2015) . In line with this, Yilma, Guernebleich, Sebsibe and Fombad (2011) indicated that livestock production in Ethiopia contributes up to 80% of farmers' income, about 20 percent of agricultural GDP, full-year employment and 16% share in export. In spite of large cattle population, the contribution of livestock production to agriculture is below the expected level and dropping (Gebremedhin, Hirpa and Berhe, 2004; Ilyin, 2011) . The average daily milk production was only 1.69 litres with average lactation length of about 180 days and mean annual milk yield per cow of 305 litres. The per capita milk consumption has decreased from 26 litres per annum in 1980 to 22 litres in 1993 22 litres in , 19 litres in 2000 22 litres in and 16 litres in 2009 22 litres in (Yilma et al., 2011 . A study conducted by Klitzing et al. (2014) in the highlands of Ethiopia showed that the performance of the sector is challenged primarily by a low quality and quantity of feed resources and seasonal fluctuations in feed resources.
Similarly to many other environmentally vulnerable countries, Ethiopia has faced rampant land degradation in the form of an immense gully and soil erosion caused by overgrazing and deforestation (Teshome, Graaff, Ritsema and Kassie, 2016; Gessesse, Bewket and Bräuning, 2016) . In response to extensive degradation of the resource base, different land management measures have been introduced in the country, such as stone terraces, soil bunds and agroforestry practices on cultivated fields, as well as area closure (Frankl et al., 2016) . Ewnetu and Bliss (2010) and Teshome et al. (2016) , mentioned that among other things, demographic characteristics, farming practices, agro-ecological conditions, access to roads and markets, and land-use policies, property rights and level of extension services are some of the critical factors affecting management investment decisions in Ethiopia. In view of this, the extent of determinants of tree-planting decisions as a land management strategy is examined in this section.
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Throughout sub-Saharan Africa, the introduction of improved feeding has been seen by policymakers as key objectives of (1) increasing livestock productivity; (2) curbing land scarcity and land degradation, and (3) generating income. In line with this, stall feeding (Zero Grazing), rotational grazing and tethering where animals are fed dry hay, straw, cactus and other extra nutritional fodders under a sheltered woody tent or tree shelter were widely recommended across the region and practiced in the highlands of Kenya and Tanzania as well as in Ethiopia (Lenaerts, 2013; Klitzing et al., 2014; Bishu, 2014; Gebremedhin et al., 2009) , although its expansion was slower than anticipated. Sserunkuuma (2005) in his study on the adoption of land management technologies in Uganda found that low level of adoption of improved technology is associated with low profitability. Farmers tend to use only technologies that they consider profitable, despite all other non-monetary factors that could deter technology adoption decision (Kabirizi, 2006) .
The practice of SF in Uganda was found to be economically and ecologically sustainable (Garcia et al., 2008) . Zero grazing in Tanzania was more economically and environmentally viable where breed cows under this practice produce 1,500 liters of milk per lactation in 1.5 years at a cost of 1,000 hours annually for collecting fodder and water (Hotland, 2007) , but Meul, van Passel, Fremaut and Haesaert (2012) in Australia found that zero grazing performed significantly worse from an ecological and economic point of view. A recent study by Klitzing et al. (2014) in Ethiopia revealed that fodder productivity from SF schemes is higher than from free grazing (FG) schemes, leading to overall livestock productivity and higher welfare gain. A survey study conducted by Nyssen, Descheemaeker, Nigussie Haregeweyn, Deckers and Poesen (2007) in the Tigrai also shows that modern grazing practices had ecological and economic benefits.
Nalunkuuma, Affognon, Kingori, Salifu and Njonge (2013) indicated that adoption of ZG had a positive impact on cow breeds owned by farmers in Kenya. De Cao et al. (2013) revealed that ZG was a useful practice to improve cattle productivity and feed availability by reducing free grazing months in Ethiopia. Another result confirmed that almost 80% of the farmers that adopted improved breeds also adopted stall feeding (Benin, 2006) . The finding from Turinawe, Mugisha and Kabirizibi (2011) revealed that farmers using improved forage technology had significantly higher gross profit and a number of breed cows than those using local feeding methods in Uganda. Results from Wambugu, Kirimi and Opiyo (2011) indicated that, on average, the value of milk in the ZG system was Ksh 6,091, compared to Ksh 5,189 in FG systems. Lactation length under SF is 450 days versus 200 days for free grazing. Pre-weaning calf mortality is about 10% per annum in ZG compared to 25% in FG. However, about 730 hours of labour per cow per year is required for SF compared to 330 hours for FG and households practicing ZG incurred higher monthly variable costs per lactating cow (Ksh 5,156) compared to Ksh 3,622 for non-ZG.
An empirical study of Muuz (2017) in Tigrai showed that grazing land, enclosure area, labour, herd and farm size, animal shock, cow breed, access to information and early exposure are found to be the key factors of SF adoption. SF is
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also supposed to minimize risks mainly associated with cattle contact and disease prevalence in FG (Bishu, 2014) . While agronomic benefits of this practice are well documented, economic benefits in the study region remained unexplored, though (Gebreyohannes and Hailemariam, 2011) , which calls for this study.
theoretical model
In most cases, smallholder farmers make an important decision when they choose to participate in a new intervention. In order to estimate the effect of stall feeding on milk production and consumption, and on market participation, the farm household model, under which the household can maximize utility subject to income, production, and time constraints (Singh, Squire and Strauss, 1986) , was adopted as a framework. The choice of this model is based on its merit of integrating the production, consumption and work decision-making processes of the farm household in a single framework. This paper mainly draws from Fernandez-Cornejo, Hendricks and Mishra (2005), who expanded the model of Huffman (1991) to include technology adoption decisions. In this case, the paper focus on farmers' stall feeding practice.
Farm households are assumed to derive utility (u) from purchased consumption goods (G) and a vector of members' leisure and non-economic activities at home (L), and the level of utility obtained from G and L is influenced by exogenous factors such as human capital (K) and other household characteristics (C). Consulting the work of Fernandez-Cornejo et al. (2005) , the utility is denoted by:
Where u is assumed to have the usual regularity properties of a utility function, such astwice differentiability, quasi-concavity, and an increase in G, L; K, C. The objective of the farm household is to maximize utility from the consumption of goods and leisure, subject to the farm production, income, and time constraints:
The production technology (3) is assumed to have all the regularity conditions, such as twice differentiable, increasing in inputs, etc. The total household's time endowment (T) is devoted to leisure (L), working on the farm (F), and off-farm work (M), while the farm output level (Q) depends on the quantity of farm inputs (X) such as land, capital, cow breed, feed, etc. and the practice of new feeding (sF), where sF is considered to be production augmenting, labour and feed-saving technology adoption decision, resulting in some free time and money for other activities, F, K, and a vector of exogenous variables that shifts the production function, (R). The adoption of labour-saving technology sF reduces the labour requirement Max = , ; ,
Problems of agricultural Economics / zagadnienia Ekonomiki Rolnej on cattle farm production. Thus, its adoption should be incorporated into the production technology implicitly, not as a shifter of the production function. The adoption of sF is further affected by households' animal shock exposure (s), private social capital (N), household assets (E), K and C. Thus:
Equation (4) displays the budget constraint on household income where P g G is the income available for purchase of consumer goods at a price P g , and it depends on the output price (P q ) and quantity (Q ) of farm output, vector input prices (W x ) of quantity (X) of farm inputs, off-farm wages (W) and the amount of time spent working off-farm (M) as well as exogenous household income such as private assistance and safety net support (a). Substituting Equation 3 with equation 4 produces a farm technology-constrained measure of household income:
Maximizing Lagrangian expression (ℒ) over (G, L) but minimizing it over (λ, η) yields the Kuhn-Tucker first order conditions:
Where: λ and η represent the Lagrange multipliers for the marginal utility of income and time, respectively. Based on the Kuhn-Tucker condition solution (FernandezCornejo et al., 2005) , when solving the model, we could find the following input demand functions (8) Thus, the reduced-form expression of the optimal level of household milk income (Y * ) can be obtained by substituting the optimal input demand functions into the technology constraint (3) as follows: (9) Likewise, a household demand for consumption goods (G) can be expressed as: (10) Hence, the reduced forms of Y* and G are affected by a set of explanatory variables, including where this paper is mainly intended to estimate the effect of sF, on household milk income, household consumption of milk and milk products, and animal market participation.
description of the study area and data
The study was conducted in Tigrai region, in the northern part of Ethiopia, by randomly selecting 632 sample households. This study used a cross-sectional data from Tigrai Rural Household Survey (TRHS) dataset collected in 2015. The TRHS includes a panel of five rounds conducted in 1997/98, 2000/01, 2002/03, 2005/06 and 2014/2015 , where the author was involved only in the last round. The available panel dataset provides comprehensive household and plot level data. The primary data used in this paper is adapted from the last, 2014/2015, household survey. Table 1 presents the basic socio-economic characteristics of 518 livestock ownerfarmers drawn from a total of 632 sample farmers.
The outcome variables in this paper include households' milk production; animal product (milk, butter, cheese, yogurt, and dung) consumption, animal sale market participation, lactation length during the survey production year. Adopters are classified as farmers that feed at least one cattle in the full-year (FSF) or in at least singleseason (SSF) during the survey period, while non-adopters are farmers that follow traditional free grazing. The results showed that the percentage of full-adopters and non-users in the full-year round is reported to be 187 (36.10%) and 331 (63.9%), respectively. However, farmers practicing SF at least in one season total to 288 (55.6%), whereas those of non-users to 230 (44.4%) in the study area. Table 1 reports summary statistics for the selected outcome indicators and key household characteristics. Adopters of SF are seemingly better off than non-adopters in many aspects.
The average milk yield of a dairy cow in the study area is estimated at 1.69 for adopters and 1.46 litres per cow per day for non-adopters, which is much lower than in neighbouring Kenya (Wambugu et al., 2011) . Moreover, adopters are more likely to be involved in animal and animal product markets than non-adopters, with adopters having 54% share in the market compared to non-adopters that have 51%. Adopters have a significantly higher annual milk and meat consumption expenditure and longer lactation period. These all indicators point to the fact that adopters are more likely to enjoy benefits than non-adopters. The same statistical analysis result shows that adopting farmers have smaller herd size than non-adopters but have a higher number of milking cows.
As expected, shock exposure for adopters is relatively higher ranging from 16% for non-adopters and 28% for adopters. Adopters of SF had a higher number of family members and plots, better access to a mobile phone, and resided closer to the nearest road than non-adopters. Adopters of SF were mainly male headed farms that had greater access to formal credit and resided further away from the free grazing area than non-adopters. Yet another, comparison shows that education level, grazing area ratio, SF exposure, and access to fodder shed and animal shed are significantly different between adopters and non-adopters. Specifically, adopters have higher literacy rate and significantly more SF exposure, access to fodder and animal shed. Contrary to expectations, adopters also have a higher value of farm tools and a lower feed supplementary expense than non-adopters. Adopters have more than twice as much cow breeds and farm cart as their non-adopting counterparts. 
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Estimation of the economic gain of adoption of agricultural technologies such as stall feeding based on non-experimental observations is not trivial because finding a proper counterfactual to treatment is the main challenge in impact evaluation. Adoption is a voluntary decision, where farmers themselves decide to adopt or not to adopt, based on the information they have. Therefore, adopters and non-adopters may be systematically different. When comparing adopters with non-adopters, adopters might differ on additional unobservable characteristics such as ability, awareness, information or motivation that could have a direct effect on the outcomes beyond adoption. That is, without stall feeding, outcomes might have been higher for adopters or lower for non-adopters, due to unobservable characteristics (Blundell and Costa Dias, 2000) . Treating adoption as an exogenous variable and applying OLS would result in inconsistent parameter estimate.
The other econometric issue is that, even if we account for the endogeneity, it may not be proper to use a pooled model estimation which assumes that the set of covariates has the same impact on adopters and non-adopters. If it is assumed that covariates have differential effects on household outcome, separate welfare outcome functions for adopters and non-adopters have to be specified. The econometric problem will, therefore, contain both endogeneity (Hausman, 1978) and sample selection (Heckman, 1979) . More generally, the problem is that farmers in each of the two regimes are not the same with respect to variables that are correlated to the error term. This motivated the researchers to employ an ESR model used by Alene and Manyong, (2007) following Lokshin and Sajaia (2004) , which allows the researcher not only to simultaneously estimate the binary and continuous parts of the model in order to yield consistent standard errors but also to account for both endogeneity and sample selection bias, based on joint normality of the error terms assumption.
Basically, ESR has two steps: the first step in the ESR is to specify the selection model so as to determine factors influencing stall feeding adoption based on a probit function by: (11) where:
-is the latent variable for stall feeding adoption; -is its observable counterpart which equals one if the farmer has adopted SF, and zero otherwise; -are vectors of exogenous farm and non-farm characteristics determining adoption; -is a random disturbance associated with the adoption. 
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The second step in the ESR is to define separate outcome functions for the two groups. The welfare functions can be expressed as: (12) where: X 1 and X 2 -are vectors of weakly exogenous variables; β 1 and β 2 -are vectors of parameters; e 1 and e 2 -are random disturbance terms; Y 1 -represents outcomes measured in terms of milk produced and consumed, lactation period and animal market participation, etc.
Unfortunately, both Y 1 and Y 2 cannot be observed for a single animal at the same time. But the difference between the two is exactly what the author intends to discover, that is, the author is interested in (I) the difference between the outcome of the user compared with their expected outcome without stall feeding, and (II) the difference between what non-users benefit and their expected benefit if they were to adopt stall feeding. The mathematical explanation of these outcomes can be presented as: (13) Assuming that ε i , ε 1i and ε 2i have a trivariate normal distribution, with mean vector zero and the following covariance matrix:
where: σ 1 2 and σ 2 2 -are variances of the error terms, e 1 and e 2 ; σ 0 2 -is the variance of the error term, e 0 which can be assumed to be equal to 1 since the coefficients are estimable only up to a scale factor (Lokshin and Sajaia, 2004) ; σ 10 -is the covariance of e 1 and ε 0 ; σ 20 -is the covariance of ε 2 and ε 0 .
Since Y 1 and Y 2 are never observed simultaneously for a single cow or ox, the covariance between ε 1 and ε 2 is not defined and, therefore, indicated as dots in the covariance matrix and since the error term of the selection equation is correlated with the error terms of the outcome functions, the expected values of e 1 and e 2 , conditional on the sample selection, are non-zero and are defined as:
Regime 1: !! = !! ! + !! if ! = 1 (outcome of stall feeding users) 12 Regime 2: !! = !! ! + !! if ! = 0 (outcome of non-stall feeding users)
!! −E !! ! = 1 (benefit of adopters) 13 !! −E !! ! = 0 (forgone benefit of non-adopters)
Where φ and Φ(.) are the standard normal probability density function and normal cumulative density function respectively. In this case, a statistical significance of the two estimated covariances and , indicates that the decision to adopt and outcome variable are correlated implying the presence of endogenous switching, and the null hypothesis of the absence of sample selectivity bias is rejected. Full information maximum likelihood (FIML) method was employed for our estimation as it is a more efficient method of estimating endogenous switching, regression models (Lokshin and Sajaia, 2004) . The logarithmic likelihood functions are given the assumption of trivariate normal distribution for the error terms:
Where , with j=1, 2, and ρ j represent the correlation coefficient between the error terms ε 1 , of the selection model and the error termse 1i and e 2i of the outcome equation. Even if there is only one dependent variable, the set of exogenous variables in the first regression might be different from the set of exogenous variables in the second regression. Hence, both equations must be specified (Lokshin and Sajaia, 2004) . In addition, we followed the usual order condition that z i contains at least one variable not in X i imposing an exclusion restriction on Equation (14). These variables do not have any direct effect on the outcome variable, although they are hypothesized to affect the probability that the household adopts the improved technology. The use of endogenous switching regression model has an additional advantage in comparing the expected outcome of adopters (I) with respect to the households that did not adopt (II), and to investigate the expected outcome in the counterfactual hypothetical cases (III) that the adopted households did not adopt, and (IV) that the non-adopters households adopted. Thus, the conditional expectations for our outcome variables in the four cases are denoted as:
, przy j=1, 2, i ! oznacza współczynnik korelacji między warto
Cases (I) and (II) indicate the actual expectations observed in the sample, whereas cases (III) and (IV) represent the counterfactual expected outcomes. Furthermore, the effect of the treatment "to adopt" on the treated (TT) is calculated as the difference between (I) and (III), and the effect of the treatment of the untreated (TU), for the households that actually did not adopt, as the difference between (IV) and (II), the procedures taken by Heckman (2001) 
empirical result
We first focus on the adoption of SF in the selection equation. Secondly, we explain the factors affecting the outcome variables estimated by equations, depending on whether farmers are adopters and non-adopters. Finally, we estimate ATT for adopters and ATU for non-adopters by equation.
Determinates of adoption and outcome variables
The estimates of the determinants of adoption and milk outcome variables are presented in Tables 2. As noted previously, the FIML method estimates both the adoption and the outcome equations jointly. Results from the selection equations are discussed first. The estimated results for the probability of adopting the technology are generally in agreement with our earlier expectation. In all specifications, the same variables have statistically similar effects on adoption. The correlation coefficients, ρ 1 and ρ 2 , between the error terms of the selection and outcome equations are reported in the bottom section of the same table as an indication of selection bias. A statistical significance of any of them signalled to account for self-selection issue. The correlation coefficients for the adopters (ρ 1 ) and non-adopters (ρ 2 ) equations are both negative but statistically insignificant, suggesting that both groups are not better or worse off than a random farm household. The insignificance of the likelihood ratio tests for independence of equations also proved that there is no joint dependence between the selection equations and the outcome equations for adopters and non-adopters (Table 2 ) as in the case of Di Falco et al. (2013) .
However, the differences in milk production (Table 2 ) and consumption (Table 3 ) equation coefficients, between the farm households that adopted and those that did not adopt, illustrate the presence of heterogeneity in the sample. The selection results are only discussed briefly as our main objective is to evaluate the impacts on different outcomes. Column (3) of Table 2 shows that factors
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influencing the household decision to participate in FSS are: zonal variation and access to information, animal feed shed, cow breed, village exposure to SF, animal shock and location, forage use and total feed value. The variable representing information is positive and significantly different from zero, suggesting that more-informed farmers are more likely to adopt FSF, consistent with the findings of (Deressa, Hassan, Ringler, Alemu and Yesuf, 2009; Gunte, 2015; Muuz, 2017) , who revealed a positive relation between access to information and technology adoption in Ethiopia. The variable access to animal feed shed is also positive and statistically significant in the selection model, indicating that farmers with feed shed are more likely to adopt the technology. The possession of improved cow and animal shock exposure, forage expense and total feed value are statistically significant variables with a positive sign, inducing farming households to adopt SF technology. As noted by Turinawe et al. (2011) in Uganda and Muuz (2017) In Ethiopia, adoption of SF was significantly and positively influenced by the number of cow breeds, and relevant findings of Holden and Westberg (2016) indicated that cereal plantation and fertilizer application were positively correlated with risk aversion for net buyers of food in Ethiopia. Ayenew et al. (2015) found that farmers with a higher level of relative risk premium were more likely to opt for crop diversification in Ethiopia. Farmers living in lowland areas showed more interest in the SF use and this opposes the results of Bishu (2014) once zonal variation is controlled.
Smallholder farmers in Ethiopia mainly depend on grazing land and crop residue to feed their animals (Tegegne et al., 2013) . The estimation results show that grazing area ratio, access to animal feed shed and cow breeds, positively affect milk production of adopters. Makoni. Mwai, Redda, van der Zijpp and van der Lee (2014) argue that the increase in milk production may have come mainly from increased the number of cows rather than increased productivity, while Adane, Shiferaw and Gebremedhin (2015) indicated that higher grazing land area and the number of cow breeds per household were positively associated with higher milk output in Ethiopia.
The variables of hired labor and family labor had opposite signs with hired labour having a negative effect and family labor having a positive effect on milk output of non-adopters. Adane et al. (2015) and del Corral, Perez and Roibás (2011) found that there is a strong relationship between family labor and milk production. In addition, the zonal variation, in which households reside, determines the level of household milk production for both groups negatively. The availability of fodder shed and purchased supplements are also found to have unexpected negative effects on milk production, mainly for adopters. This result is inconsistent with other studies on milk production (Adane et al., 2015; del Corral et al., 2011) . Referring to Table 3 , the ESR estimate for the milk and meat product consumption expenditure indicated that the correlation coefficients between the error terms in the selection and the outcome equations (and ) are not statistically different from zero -implying that the switch is not endoge nous. Expectedly, an increase in household herd size results in an increment of 155 ETB consumption expenditure for adopters while higher total food expenditure contributes positively to consumption expenditure. This finding is in consonance with economic theory, which posits that farmers with higher asset spend more on consumer goods and is in conformity with the literature findings of milk consumption expenditure (Oni and Fashogbon, 2012; Aidoo, Nurah, Fialor and Ohene-Yankyera, 2009 ).
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A similar relationship was also reported in Kenya, where dairy cow ownership increased consumption of milk products by 1.0 litre per week (Nicholson et al., 2004) . The results also showed that adopting male farmers recorded a significant consumption expenditure in milk and milk products in line with the results of Oni and Fashogbon (2012) . A positive effect was observed between household total food expenditure and the level of milk consumption expenditure. This finding was in agreement with the result of Oni and Fashogbon (2012) , where they reported that as food expenditure increases the consumption of milk and milk products expenditure increases in Nigeria. 
2(355) 2018
The ESR empirical results for the probability of participating in animal and animal product sale in Table 4 showed that participation in animal and animal product markets were greatly influenced by family size, distance to market, cattle size, population density, animal shock, agroecological location and zonal variation, and not so much by human capital. Farmers with more family members and higher cow numbers living in the highland, participated more intensively in the animal market. However, ownership of oxen and animal shock experience reduced participation in the market for animals and animal products. These findings reinforce the findings of Ehui, Benin and Paulos (2003) and Kuma, Baker, Getnet and Kassa (2014) where they found that oxen holding reduced dairy product sale, while cow stock increased live animal or dairy product sale in Ethiopia.
A negative relationship was also reported between population density and market participation (Ehui et al., 2003) . In a similar study area, Ehui et al. (2003) also showed that farmer participation in livestock market sales was positively associated with long distance to market and higher population density. As expected, animal shock exposure was found to have an inverse relationship with participation in the animal market. However, farmers living in the highland unexpectedly appeared to have a high probability of participation in an animal sale market than people from the lowland (Tegebu et al., 2012) . In confirming with our expectations, belonging to Southern and Northwestern zones, which are relatively endowed with population livestock in the region, increased the probability of participating in an animal market. 
Impact of FSF and SSF adoption
Estimated impacts of full and seasonal stall feeding adoption are presented in Table 5 . The predicted outcomes from the ESR models are used to compute both the Average treatment effect on the treated (ATT) and Average treatment effect on the non-treated (ATU). ESR results also demonstrate that SF has mixed impacts on economic indicators (milk production and consumption, lactation period) and market participation in the animal sale and animal shock. We estimated endogenous switching regression (ESR) to control for selection bias from both observable and unobservable factors by the full information maximum likelihood (FIML) method (Lokshin and Sajaia, 2004) and model results are presented in Table 5 . We first discuss the results from the continuous outcomes followed by estimates for the binary outcomes. Considering the case of full adoption (FSF), households that adopted SF would have harvested 0.39 (21.7%) litres/cow less in the case of FSF and 2 litres/cow in the case of SSF had they not adopted; their lactation period would have declined by 0.29 (3.5%) months, respectively. Had non-participants chosen to adopt, they would have increased their milk harvest by 2.3 litres per cow and their lactation period would have increased by 1 month. The result that SF positively influences milk production and lactation is a confirmation that SF contributes to boosting productivity. The additional average gain for adopters at household level due to SSF adoption is about ETB 11,827 per average lactation period (1.76*2 cows*14 ETB*240 days), where 2 is the average milking cow, 14 is the price of milk per litre of milk and 240 days is an average lactation period in the study area. This is consistent with the idea that adoption of new agricultural technology can improve household welfare (Shiferaw, Kassie, Jaleta, and Yirga, 2014; Khonje, Manda, Alene and Kassie, 2015; Wambugu et al., 2011) .
We also observe a positive and significant impact of SF on households' milk and milk product consumption expenditure. The same Table shows that farmers who adopt FSF and SSF would have spent about 268 ETB and 553 ETB less on meat and milk products if they had not adopted. The ATU estimates show that farm households who did not adopt would have spent about 1228 ETB more on meat and milk products if they had adopted. Our results are similar to previous studies that have used different estimation methods and have found a positive effect of stall feeding on the use of inputs (Wambugu et al., 2011) in Kenya and (Turinawe et al., 2011) in Uganda.
Consistent with our expectations, the results further show that adoption of SF significantly increased the probability of selling animal and animal product by 29% for adopters. For non-adopters, the ATU estimates show that the probability of market participation would have been 47% higher had they adopted the technology. A similar result was obtained by Wambugu et al. (2011) in Kenya and Turinawe et al. (2011) in Uganda, who found a higher volume of animal and product sale in SF users.
conclusions
In this paper, efforts were made to assess the impact of full (FSF) and seasonal (SSF) stall feeding technology on households' milk production and consumption, and market participation in rural Northern Ethiopia, using data from 518 rural farmers collected in 2015, by applying endogenous switching regression model. First, the existence of initial differences in explanatory and outcome variables among households was examined using descriptive analysis of the data. The overall result indicated that SF adoption ensures mixed benefits in response to differences in factor endowments, household characteristics, farm attributes and location factors, which create differences in marginal benefit, and the resulting differences in marginal benefit induce farm households to adopt SF.
We found that the SF adoption is positively influenced by animal feed value, zonal variation, gender, family size, off-farm income, access to information and fodder shed, forage expense, cow breed possession, animal shock, distance to grazing land and early SF exposure, but negatively associated with total land and herd size, geographic location, distance to road. The results also indicate that adoption of breed cow, availability of grazing land, family and hired labor, agro-ecology, access to animal and fodder shed determine the amount of milk production. With regard to milk and milk product consumption expenditure, the findings have revealed that household total food expenditure, herd size and gender has been proven to increase consumption expenditure. In examining factors affecting animal market participation in sales, the results show that ownership of cattle, population density, family size, agro-ecology location, distance to market and animal shock experience are the main factors influencing market participation in animal sales.
Using ESR models, we estimate different outcome indicators for both adopters from adoption (ATT), and non-adopters had they adopted (ATU). The adoption of FSF and SSF leads to significant gains in milk production and consumption expenditure, lactation period, and animal market participation. It is identified that there would be a decline of 21% in milk production if adopters would not have adopted this technology. On the other hand, non-adopters could increase their milk production and productivity by 100% and 48%, if they would adopt this technology. The results further show that SF adoption had significant lactation period-increasing impacts for adopters and non-adopters, if they were to adopt the technology.
An increase in consumption expenditure by 17% from FSF and 44% in the case of SSF could be considered significant on livelihoods for smallholder farmers in Tigrai and such a positive impact should not be ignored. Among adopters, the adoption of SF increased the likelihood of participating in an animal sale market by 29%, while non-adopters would have increased their participation by 47% had they decided to adopt.
These findings demonstrate the importance of SF technology for enhancing cattle performance (milk production and consumption, lactation) and market participation (animal live and animal product) of smallholder farmers in semi-arid areas. This paper highlights the important nexus between household's decision on livestock production, and technology introduction and adoption. Local and regional policies that can enable local farmers to respond to land degradation and livestock shocks should promote and support full scale SF adoption. Therefore, wider adoption of SF has great potential for transforming the agricultural sector in general and the welfare of small rural farmers in the region. The policy implication of our results is that the national government should consider embracing SF as one of the priority farming packages in its national extension agenda and develop policies which overcome limitations for wider expansion. Policies that promote livestock production and soil conservation should promote full scale SF adoption and expansion.
